We report the fabrication and testing of a 10 GHz grid amplifier utilizing sixteen GaAs chips each containing an HBT differential pair plus integral bias/feedback resistors. The overall amplifier consists of a 4x4 array of unit cells on an RT Duroid™ board having a relative pennittivity of 2.2. Each unit cell consists of an emitter-coupled differential pair at the center, an input antenna which extends horizontally in both directions from the two base leads, an output antenna which extends vertically in both directions from the two collector leads, and high inductance bias lines. In operation, the active grid array is placed between a pair of crossed polarizers. The horizontally polarized input wave passes through the input polarizer and couples to the input leads. An amplified current then flows on the vertical leads, which radiate a vertically polarized amplified signal through the output polarizer. The polarizers serve dual functions, providing both input-output isolation as well as independent impedance matching for the input and output ports. The grid thus functions essentially as a free-space beam amplifier. Calculations indicate that output powers of several watts per square centimeter of grid area should be attainable with optimized structures.
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Quasi-optical grid devices including oscillators, multipliers, mixers, and beam steerers have already been demonstrated [1, 2, 3, 4] . Motivation for studying quasi-optical devices is two-fold: free-space power combining is more efficient at high frequencies than power combining in guided wave structures, and transmitting and receiving systems based on monolithic implementations of quasi-optical elements have the potential for being smaller, lighter, and substantially less costly than conventional phased-array systems.
The AlGaAs/GaAs HBT material was grown by MBE. collector-base feedback resistors and a 2500 emitter bias resistor which also serves to supress common mode gain.
The amplifier exhibits a peak gain of 12dB at 9.9 GHz, with a 3dB bandwidth which extends from 9.55 GHz to 10.3 GHz. The peak gain and bandwidth are sensitive to polarizer position, indicating that the polarizers provide good matching to free space (as a reference point, the transistors have 18dB unilateral gain at 10 GHz). Output power is linear with input power, indicating that the grid operates as an amplifier rather than as an injection-locked oscillator. Gain saturation can be observed at low de bias and high input rf levels.
This amplifier represents a significant advance over the previously reported grid amplifier [5] beyond its higher operating frequency, larger gain, and wider bandwidth. Where the previous grid required both front and backside wiring on the substrate (which would be cumbersome in a monolithic implementation), this amplifier utilizes frontside wiring only. Where the previous amplifier utilized packaged discrete MESFETs, in this amplifier the contents of each unit cell are monolithically integrated with the exception of the metal lines which make up the antenna array. This amplifier therefore represents a substantial step toward monolithic integration of an entire grid, which will be required for higher frequency operation and low cost. 
